Abstract: Septoria late blight caused by Septoria apiicola damages celery leaves (Apium graveolens), but its main impact is on the marketability of petioles. Three field trials (two in 2005 and one in 2006) were conducted at the Holland-Bradford Marsh, Ontario, to determine whether the number of fungicide applications required to manage septoria late blight could be reduced compared with the standard calendar spray program and whether disease management could be improved. Two disease forecasting programs (Tomcast at three disease severity value (DSV) thresholds and the Septoria Predictor) were assessed relative to a 7-day calendar spray program and a nonsprayed control. Each fungicide timing treatment, which entailed application of the fungicide Bravo 500 (chlorothalonil 50% a.i.) alternating with Champ 2FL (copper hydroxide 37.5% a.i.), was compared with Pristine WG (pyraclostrobin 12.8%, boscalid 25.2% a.i.) alternating with Champ 2FL on each of two celery cultivars. Pristine consistently provided superior control of septoria late blight compared with Bravo. Treatments were applied to two susceptible celery cultivars 'Florida 683' and 'Sabroso'. Both cultivars responded in a similar manner to the treatments. Fungicide applications timed according to Tomcast at a DSV threshold of 10 or the Septoria Predictor resulted in septoria late blight severity levels on leaves and petioles comparable to the calendar spray program. Fungicide applications were reduced by 1 for the Septoria Predictor, by 1 to 3 for Tomcast at DSV threshold 10, and by 2 to 4 for Tomcast at DSV threshold 15. However, a yield reduction of 15% occurred in one trial when application of Bravo/Champ were timed according to Tomcast at DSV 15, indicating that the DSV 15 threshold was not always adequate for septoria late blight management using Bravo. l'application de Bravo/Champ fut prévue en fonction du Tomcast au seuil DSV de 15, ce qui indique que le seuil de DSV de 15 n'était pas toujours adéquat pour lutter contre la septoriose en utilisant le Bravo.
Introduction
Septoria late blight, which is caused by Septoria apiicola Speg., is an important disease of celery (Apium graveolens L. var. dulce (P. Mill.) Pers.) worldwide (Sutton and Waterston 1966) . Yield loss ≤ 70% can occur (Lacy et al. 1996) . For processing celery, lesions on petioles can result in a crop that is not marketable and thus have an even larger economic impact than direct yield loss. Favourable conditions for septoria late blight development are common in Canada, and the disease has been reported in all Canadian provinces (Cerkauskus 1994) .
Inoculum is often transported from infected to noninfected fields by infected seed and crop residue or as conidia on farm workers and equipment (Maude 1970; Maude and Shuring 1970; Sutton and Waterston 1966) . Lesions appear 8-15 days after infection, and pycnidia rapidly develop within the lesions (Lacy 1994) . Conidia are released from the pycnidia when leaves are wet and are spread via rain-splash, causing secondary infections within the celery crop (Sutton and Waterston 1966) . Leaf wetness duration ≥12 h and air temperatures from 10 to 30°C are the key environmental factors that contribute to infection (Mathieu and Kushalappa 1993) .
Septoria late blight is difficult to control once present in a field (Mudita and Kushalappa 1993) , and celery growers must rely on application of foliar fungicides to manage this disease. The labour requirements to trim fresh-market celery with lesions are high, and loads of processing celery showing disease symptoms can be rejected entirely, therefore disease tolerance thresholds are low. Fungicides are applied on a calendar schedule as soon as symptoms are observed in the field or beginning one-third of the way through the growing season (OMAFRA 2006) . Cultural practices for disease management include using 3-year-old seed, crop rotation, and limiting entry of workers and equipment into fields when foliage is wet. These techniques may prevent or delay initial infections, but epidemics develop quickly and cause severe losses when environmental conditions are conducive for disease increase (Lacy et al. 1996) . No threshold level for septoria late blight has been established because expected crop losses substantially exceed the cost of one fungicide application (Mudita and Kushalappa 1993) .
Accurate disease forecasting can reduce the number of fungicide applications by triggering spray applications only when required to minimize disease increase. No disease forecasting system has been validated for septoria late blight in Ontario. However, forecasting systems based on leaf wetness duration and air temperature have been developed for other systems or locations (Lacy 1994; Mathieu and Kushalappa 1993; Phillips 1999) . Two systems, the Septoria Predictor and Tomcast, have the potential to be used as decision support tools for timing of fungicide applications in Ontario. The Septoria Predictor is a simple system that was developed for septoria late blight in Michigan (Lacy 1994) . Before the celery canopy is large enough to close over the rows, fungicide is applied when leaves have been wet for more than 12 h. Once the canopy closes, regular fungicide applications (7-to 10-day intervals) are recommended.
Tomcast was developed in Ontario to manage leaf blights and anthracnose on tomato (Poysa et al. 1993) and is based on the FAST model for Alternaria solani Sorauer (Madden et al. 1978) . Although it was not developed for S. apiicola, the model was used successfully to manage late blight of celery in California. Tomcast, used in conjunction with insect monitoring, reduced pesticide applications on celery by 12 sprays in 1992 and 9 sprays in 1993 (Bolkan and Reinert 1994) .
Boscalid and strobilurin fungicides, such as pyraclostrobin, provide alternatives to older chemistries for diseases caused by fungal pathogens on a number of horticultural crops (OMAFRA 2006) . These fungicides are not yet registered for use on celery in Canada, but a combination of pyraclostrobin and boscalid provided effective management of septoria late blight when used in a 7-10 day calendar spray program (Trueman et al. 2005) . The risk of fungi developing resistance to strobilurin fungicides is relatively high (FRAC 2005) . Inclusion of boscalid with pyraclostrobin reduces risk of resistance development to pyraclostrobin. This risk would be further mitigated by rotation of fungicide chemistries and disease forecasting to minimize the number of fungicide applications per season.
The objective of this research was to improve decision support tools for management of septoria late blight by testing the efficacy of the Tomcast and Septoria Predictor forecasting programs under conditions found in Ontario. Application of disease forecasting systems for septoria late blight may improve disease management, reduce grower costs, and reduce the environmental impact associated with disease management by reducing the number of fungicide applications each season. Effective disease management can also improve crop quality.
Materials and methods

Trial location and layout
Two 
Fungicides, timing, and method of application
Five fungicide timing treatments were assessed, each with two fungicide spray regimes. These 10 treatments plus a nonsprayed check gave a total of 11 treatments as the main plot factor. Cultivar was the split-block factor. Cultivars were not randomized within main plots to avoid confusion while transplanting. The five fungicide timing treatments assessed in each trial were a 7-day calendar spray program, Tomcast with a disease severity value (DSV) threshold of 10, 15, or 20, and the Septoria Predictor. Fungicide applications using the Septoria Predictor were applied after a leaf wetness period ≥12 h if the treatment had not been sprayed within the past 7 days and the canopy was not fully closed (Lacy 1994) . A regular 7-10 day spray program was implemented after the crop canopy closed. Tomcast treatments were based on accumulated DSVs from 0 to 4 per wetness period over a 24-h interval (Madden et al. 1978 ) that depended on leaf wetness duration and temperature (Table 1) . Fungicides were applied for Tomcast treatments when 10, 15, or 20 DSVs had accumulated, depending on the treatment threshold. The actual timing of application varied by ±2 DSV units from the threshold because of early or delayed sprays as a result of rain or high wind conditions. Each fungicide timing treatment was evaluated using the following two fungicide regimes: (i) Bravo 500 (chlorothalonil 50% a.i., Syngenta Crop Protection Canada, Inc., Guelph, Ont.) alternating with Champ 2FL (copper hydroxide 37.5% a.i., NuFarm, Melbourne, Australia); and (ii) Pristine WG (pyraclostrobin 12.8%, boscalid 25.2% a.i., BASF Canada Corp., Mississauga, Ont.) alternating with Champ. The Bravo 500 rotation was chosen to represent a management program currently available to Ontario celery growers, whereas the Pristine rotation was chosen as a prospective reduced-risk pesticide option due to lower user rates, low resistance potential, improved efficacy, and compatibility with integrated pest management. Champ is not registered for use on celery in Canada; however, copper sulphate and copper oxychloride (chemically similar to copper hydroxide) are registered for this use (OMAFRA 2006) .
Fungicide treatments were applied using a pull-type plot sprayer with TeeJet D-3 hollow-cone nozzles (TeeJet Technologies, Wheaton, Ill.) at 690 kPa (boom) in 500 L·ha -1 of water. The first fungicide treatments were applied when plants were 20-30 cm high and 1 to 2 days prior to inoculation, to test the protectant effects of the fungicides. This is consistent with provincial recommendations to start spray programs when plants are one-third grown (OMAFRA 2006) . Treatment applications began with either Bravo or Pristine.
Inoculation
Trials were inoculated when plants were 20-30 cm high using diseased foliage from celery plants with sporulating lesions of S. apiicola on 28 July 2005 (Trial 1), 11 August 2005 (Trial 2), and 3 August 2006 (Trial 3). Inoculum was prepared from diseased tissue by chopping fresh foliage into 1-3 cm 3 pieces, mixing with water, and soaking for 2 h to release conidia (one part foliage to three parts water). The tissue-water suspension was then poured as evenly as possible over plants in the middle two rows of each main plot, such that one row of each subplot was inoculated, and the inoculated rows were adjacent to the row that was subsequently assessed for disease in each subplot.
Plots were irrigated using solid-set overhead sprinklers for 1 h prior to inoculation in Trials 1 and 2. Trial 3 was not irrigated because it rained before and after inoculation. All of the trials were irrigated with approximately 3 cm of water every 1 to 2 weeks to encourage the onset of disease. No disease symptoms were observed prior to inoculation in Trials 1 and 2. Septoria late blight symptoms (1%-2% foliar area affected) were observed in some treatments prior to inoculation in Trial 3.
Leaf wetness and temperature
Hourly temperature and leaf wetness duration data were collected using a HMP35C temperature and relative humidity probe and six Campbell Scientific Model 237 electrical impedance leaf wetness sensors connected to a Campbell Scientific CR21X data logger (Campbell Scientific Corp., Edmonton, Alta). The leaf wetness sensors were placed within the crop canopy 30 cm above the soil surface at a 45°angle facing north. The sensors were painted with two coats of off-white exterior acrylic latex paint prior to placement. Hygroscopic properties of the paint were eliminated by heating the sensors at 100°C overnight and soaking in distilled water for 4-5 h after each coat of paint was applied (Madden et al. 1978) . (Gillespie and Duan 1987; Sentelhas et al. 2004) . Rainfall was recorded using a tipping bucket rain gauge connected to a Campbell Scientific CR21X data logger. The amount of water applied through overhead sprinkler irrigation was recorded with a manual rain gauge within 20 m of the plot. Growing degree-days (GDD) were calculated as follows (OMAFRA 2006) :
and summed over the days the plants were in the field.
Disease assessment and yield
Septoria late blight severity was assessed as the percent of visible lesions on foliage in the centre 3 m of the middle row of each subplot, 1-2 times per week from inoculation until harvest. Severity was assessed using a scale from 0 to 5, where: 0 = 0%; 1 < 2%; 2 = 2%-4%; 3 = 5%-9%; 4 = 10%-24%; and 5 > 25% foliar area with lesions. These scale values were used to calculate the area under the disease progress curve (AUDPC) using the following equation:
where X i+1 is disease severity rating at day t i+1 and X i is disease severity rating at day t i (Shanner and Finney 1977) . Harvest and assessment was conducted over 2 days, with two replications on each day, because of the time required for the assessments. A sample of 12 plants was harvested from each subplot at 51 and 54 days after first application Then 'Sabroso' plants were trimmed to a 55 cm length, the standard length for processing celery, and 'Florida 683' plants were trimmed to 40 cm, the standard length for fresh-market celery, and the weight of the trimmed plants was recorded. After trimming, leaves on the trimmed plants were assessed for septoria late blight and rated on a 0-3 scale, where 0 = no lesions on leaves, 1 <10% of leaves with lesions, 2 = 10%-49%, and 3 >50% with lesions, to calculate a leaf blight index (LBI) (Trueman et al. 2005) . Ten outer stalks were removed from each plant, and these 120 petioles per subplot were rated for septoria late blight using a 0-5 scale, where 0 = 0%, 1 <10%, 2 = 10%-24%, 3 = 25%-49%, 4 = 50%-74%, and 5 ≥ 75% petiole area diseased to calculate the petiole disease severity index (DSI), based on the method of Kobriger and Hagedorn (1983) The fungicide cost for each treatment was calculated by multiplying the number of sprays by the application rate and estimated product cost. In 2006, marketable weight was determined after petiole disease assessment by stripping plants of any diseased petioles and weighing the remaining plant plus any '0' rated petioles. The percent reduction in marketable yield was determined by dividing weight loss (the difference between marketable weight and trimmed weight) by trimmed weight and multiplying by 100. 
Statistical analysis
Each trial was organized in a factorial design with forecasting system and fungicide regime as the main factors and cultivar as a split block factor. However, for analysis, each combination of fungicide timing program and fungicide regime was considered a separate treatment, to allow comparisons among each combination. Differences between the two fungicide regimes were investigated through singledegree-of-freedom contrasts. Statistical analyses were performed using Proc Univariate and Proc Mixed in SAS v. 8.02 (SAS Institute Inc., Cary, N.C.). Data were tested for normality using the Shapiro-Wilk test and outliers were identified using Lund's test of standardized residuals (Lund 1975) . Data were removed for those plots in Trial 3 where infection occurred prior to inoculation and initiation of fungicide treatments. Values for AUDPC and LBI were normalized using a square root transformation prior to analysis.
Data for all three trials were analyzed together. Analysis of variance of the combined data was conducted using Proc Mixed; timing treatments, fungicide regime, and cultivar were treated as fixed factors, and trial was treated as a random factor. Least-square means were separated using Tukey's test. Single-degree-of-freedom contrasts were used to assess differences between Bravo and Pristine treatments for each response variable.
A simple cost analysis was calculated for each treatment to compare the direct cost of the fungicide applied for that treatment based on product prices in 2006. A comprehensive analysis would include expenses associated with fungicide application, crop scouting, assessment of weather parameters, and costs associated with marketing, such as labour costs for stripping off infected petioles. A comprehensive analysis was beyond the scope of the current study, therefore only the direct costs of fungicide were assessed.
Results
Weather conditions
Total growing degree-days were 1891, 1674, and 1706 for Trials 1, 2, and 3, respectively. Total rainfall plus estimated irrigation for each trial was 152 + 40, 142 + 40, and 348 + 60 mm, for Trials 1, 2, and 3, respectively.
Fungicides and timing
The number of fungicide applications varied with year, but was lower for all forecasting treatments than for the calendar spray program in all three trials ( Table 2 ). The Septoria Predictor reduced the number of spray applications by 1 relative to the calendar spray program in each trial. Use of the Tomcast program resulted in a reduction of 1 to 3 sprays at a DSV threshold of 10 and 2 to 4 sprays at a DSV threshold of 15. Tomcast at a DSV threshold of 20 provided the greatest spray reduction in all three trials; the number of applications was reduced by 3 in Trial 1, 5 in Trial 2, and 4 in Trial 3.
Disease severity
Disease severity (assessed as DSI, LBI, and AUDPC) was the highest in Trial 2 (Table 3) . Fungicide application reduced petiole DSI and LBI in all trials compared with the nonsprayed control, with the exception of LBI for the Tomcast program using a DSV threshold of 10 with Bravo/Champ in Trial 2 (Table 3 ). All of the fungicide treatments had lower AUDPC compared with the nonsprayed control in Trials 1 and 2, and all treatments sprayed with Pristine had lower AUDPC relative to the nonsprayed control in Trial 3. AUDPC values were six times higher in the nonsprayed control than the least effective fungicide treatments in Trial 1, two times higher in Trial 2, and three times higher in Trial 3. Contrasts showed that the AUDPC and LBI were lower in treatments with Pristine than with Bravo (Table 3). There was no difference in petiole DSI between Pristine and Bravo in Trials 1 or 3, but DSI was lower for treatments with Pristine than with Bravo in Trial 2.
The Septoria Predictor was as effective as the calendar spray program for all measurements of disease severity except AUDPC in Trial 2, where calendar sprays of Pristine/Champ provided more effective disease reduction than treatments applied as indicated by the Septoria Predictor. The Tomcast program was as effective as the calendar sprays in maintaining low petiole DSI. The only exceptions were for Bravo/Champ applied based on Tomcast at DSV 10 or 20 in Trial 2. Sprays applied according to Tomcast DSV 10 or 15 were as effective as the calendar program at reducing LBI and more effective than the Tomcast DSV 20 program in Trials 1 and 3 (Table 3) . Under high disease pressure in Trial 2, none of the Tomcast thresholds with Pristine were as effective as Pristine applied on a calendar basis. Tomcast DSV 15 with Bravo/Champ was as effective as the calendar program with Bravo/Champ, but not as effective as calendar sprays of Pristine/Champ.
The effect of spray program on AUDPC varied, but the calendar spray program provided the most effective disease reduction across the trials. In Trial 3 (lowest AUDPC in the nonsprayed control), all programs were as effective as the calendar program. In Trial 2 (highest AUDPC in the control), the forecasting programs were generally less effective than the calendar spray. In Trial 1, all of the treatments with Bravo/Champ were as effective as Bravo/Champ applied on a calendar basis. However, the lowest AUDPC was achieved with Pristine applied as indicated by each program except Tomcast at DSV 20.
In all three trials, both cultivars ('Sabroso' and 'Florida 683') were highly susceptible to Septoria late blight. Cultivars had no consistent effect on disease severity in any trial (data not shown).
Yield
All fungicide applications increased trimmed weight compared with the nonsprayed control, as determined by single-degree-of-freedom contrasts (Table 4) . When treatments were compared individually with the nonsprayed control, the only treatments that increased trimmed weight on both cultivars were the calendar program with Bravo and the Tomcast program at DSV 10 with Pristine. The yield of 'Florida 683' sprayed with Pristine, following the Septoria Predictor, was also higher than the nonsprayed treatment. All fungicide treatments increased market weight and limited the reduction in marketable yield in 2006. Applications of Pristine increased marketable yield by 10%. The difference between trimmed weight and marketable weight was 6% less than treatments sprayed with Bravo (Table 4) . Processing celery 'Sabroso' was consistently heavier than 'Florida 683' (1.40 kg·plant -1 and 1.06 kg·plant -1 , respectively, for celery treated with Pristine/Champ).
Cost analysis
Fungicide costs, calculated across the three trials and based on 2006 prices, ranged from $82 to $736 depending on trial, spray program, and fungicide ( 
Discussion
Effective management of septoria late blight is essential for the production of a marketable crop of celery. The disease threshold for celery is effectively zero because plants with noticeable lesions on leaves and petioles are unmarketable, so diseased petioles must be removed by hand. This study demonstrated that application of the fungicides Bravo/Champ or Pristine/Champ, timed as indicated by the Tomcast and Septoria Predictor forecasting programs, provide effective management of septoria late blight with fewer fungicide applications than a calendar spray program. All fungicide programs based on forecasting reduced disease severity relative to the nonsprayed control, but Pristine, which is a reduced-risk fungicide, was consistently more effective than Bravo in reducing leaf blight severity and AUDPC. As expected, both of the cultivars that were assessed were highly susceptible to septoria late blight; there were no consistent differences in levels of disease between cultivars in any of the trials.
Disease management using the Septoria Predictor program was generally as effective as the calendar spray program, but required one less fungicide application. Fungicides applied according to Tomcast with a DSV threshold of 10 or 15 reduced LBI as effectively as the calendar Note: Values in a column followed by the same letter do not differ at P = 0.05 based on Tukey's test; ns, not significant. *Pristine WG at 1.0 kg@ha -1 , Champ 2FL at 4.0 kg@ha -1 , Bravo 500 at 3.0 L@ha -1 . † Data were separated by trial (Trials 1 and 3 vs. Trial 2) because of a significant interaction at P = 0.05 using ANOVA.
‡ Data were transformed prior to analysis and back-transformed for presentation. program in two of the three trials, and the Tomcast DSV 15 program with Pristine was also effective in the third trial. Yield loss (% reduction in marketable yield) was numerically highest in Trial 3 for Tomcast at DSV 15 with Bravo, relative to the other fungicide treatments. Although this difference was not statistically significant, it indicates that the DSV 15 threshold with Bravo/Champ fungicides may not consistently provide an acceptable level of disease control.
The Tomcast program at DSV 20 resulted in the greatest reduction in the number of fungicide applications, but did not provide acceptable disease control. Disease severity (DSI and LBI) for Trial 2 was higher for Tomcast DSV 20 with Bravo than for the calendar program with Bravo. Spray intervals for Tomcast DSV 20 treatments ranged from 8 to 21 days across the three trials, therefore, leaf wetness events likely occurred when the previous application of protectant fungicide (Bravo or Champ) was no longer effective. As a result, disease control for the Tomcast DSV 20 Bravo/Champ treatment was compromised. Although differences between the Tomcast DSV 20 treatment and the other treatments were not always significant, we conclude that this long interval between fungicide applications substantially increased the risk of crop loss due to septoria late blight. This risk would increase even more if weather factors (e.g., rain, high winds) delayed fungicide application when the threshold was reached.
Similarly, LBI was higher for the Tomcast DSV 20 treatment with Pristine compared with DSV 10 and 15 in the first two trials, and with DSV 15 in the third trial. Boscalid and pyraclostrobin possess both curative and protectant activity, thus, the application of these products post-infection likely provided some disease reduction (Bartlett et al. 2002) . However, post-infection application of these materials is not recommended because it increases the risk of fungicide resistance.
For all the treatments with Pristine, marketable weight per plant was 0.13 kg higher and yield reduction was 6% less than with Bravo in 2006. The application of strobilurin fungicides has been associated with a "greening effect" independent of disease control in wheat (Bartlett et al. 2002; Gerhard et al. 1999) . However, there were no differences between Pristine and Bravo treatments for height (data not shown), harvest weight, or trimmed weight, indicating that higher yield was likely the result of improved disease management. Marketable yield was not measured in Trials 1 and 2, but yield losses and labour costs in these trials would also have been higher for treatments with Bravo than with Pristine based on levels of DSI. For example, DSI in Trial 2 Note: Numbers in a column followed by the same letter are not significantly different at P = 0.05 using ANOVA, Tukey's adjustment; and ns, not significant.
*Pristine WG at 1.0 kg·ha -1 , Champ 2FL at 4.0 kg·ha -1 , Bravo 500 at 3.0 L·ha -1 . † Data from each cultivar was separated because of a significant cultivar × treatment interaction at P = 0.05 in ANOVA. for Bravo treatments was 6.9 compared with 1.8 for Pristine, which represents 42 petioles with disease (78 diseasefree petioles) for treatments with Bravo versus 11 diseased petioles (109 disease-free petioles) with Pristine. Lesions in treatments with Pristine/Champ were visually smaller than with Bravo/Champ, but lesion size was not measured.
Celery treated with fungicide consistently had higher yields than the nonsprayed control. Yield losses of 63% in the nonsprayed control in Trial 3 are consistent with a report of losses up to 70% in Michigan (Lacy et al. 1996) . In the control treatment, only the inner portion of the celery heart was marketable. Also, even the calendar program did not provide acceptable disease control under the high disease pressure that occurred in Trial 2, especially as assessed by the presence of lesions on leaves after trimming (LBI).
One treatment in Trial 2 differed from its equivalent in Trials 1 and 3, in that disease severity (DSI, LBI, and AUDPC) was higher for Tomcast DSV 10 with Bravo than for the calendar spray program. In Trial 2, fungicide application was delayed because of rain and wind on one occasion during the study period, so the treatment was four DSV units over threshold when the fungicide was applied. As a result, disease was more severe for Tomcast DSV 10 compared with DSV 15. Also, AUDPC values for both fungicide rotations at DSV 10 were similar to the equivalent fungicide rotation at DSV 20. These results indicate that spraying prior to rain events when approaching the DSV threshold is necessary for optimal management of septoria late blight.
The results of this study are similar to recent findings in Michigan by Bounds and Hausbeck (2007) . They concluded that Tomcast DSV 10 resulted in the greatest reduction in the number of sprays while maintaining an acceptable level of disease control. They observed larger differences in disease severity among Tomcast DSV 10, 15, and 20 treatments than were found in the current study. While this may be a result of differences in inoculation, assessment methods, or environmental conditions, it probably reflects the differences in the fungicides tested. Our results indicate that Tomcast at a DSV threshold of 15 provides an adequate spray interval when Pristine is used in rotation with Champ.
The cost of treatments differed with the number of applications and the cost of the products themselves. Tomcast at DSV 10 reduced the number of sprays per season by 1 to 3 relative to a calendar spray program; product costs were $169 ha -1 lower for the rotation with Pristine and $81 ha This simple cost analysis only compares fungicide costs. A more comprehensive analysis would include application costs and the costs of crop scouting. This can be difficult to determine since scouting programs involve more than a single disease, and fungicide applications may be tank mixed with insecticides or foliar fertilizers. Costs will vary by location, service provider, and volume. The cost of scouting with the University of Guelph pest management program on the Holland-Bradford Marsh begins at $50 per acre, with the cost decreasing with increasing area scouted. Additionally, adoption of disease forecasting programs also depends on the production practices of individual growers, including labour costs, harvest and grading methods, production of processing or fresh market celery, and risk tolerance.
Implementation of the Septoria Predictor or Tomcast programs requires a recommendation for initiating fungicide application. There was no difference in levels of septoria late blight in Michigan when fungicide applications were initiated 2 or 5 weeks after transplanting (Bounds and Hausbeck 2006) . The recommendation for Ontario is that fungicide applications for septoria late blight begin onethird of the way through the growing season or as soon as symptoms are seen in the field (OMAFRA 2006 ). In the current study, inoculation and monitoring of leaf wetness and temperature began 7 to 10 weeks after transplanting, so a DSV threshold was not used to time the first application. Until further testing is conducted, timing of the first fungicide application in accordance with current Ontario recommendations appears to be a good option. The first spray may need to be applied earlier if the field is close to infected fields, has a history of the disease, if conditions are highly conducive for disease (e.g., long dew periods in late summer), or if the canopy closes more quickly than usual. These recommendations are based on knowledge that during rain events, spores may travel to adjacent fields located downwind and that infected plant residue can survive 9 to 18 months (Maude and Shuring 1970; Sutton and Waterston 1966) and canopy closure results in longer periods of leaf wetness, which are favourable for the development of septoria late blight (Lacy 1994) .
If growers are to adopt the Septoria Predictor or Tomcast forecasting programs, they need to have access to reliable temperature and leaf wetness information. The timing of fungicide application in this study was based on mean readings from six sensors within the crop canopy. As demonstrated in Trial 2 with Tomcast DSV 10, a delay of even a few days can result in reduced disease control. Use of sensors linked to a datalogger requires extensive investment in equipment and training, and leaf wetness can vary considerably within small geographic regions (Sutton et al. 1984) . Also, the timing of celery plantings is staggered from May to July to meet market demand. Leaf wetness duration is affected by canopy size, thus, it is not possible to extrapolate leaf wetness information to fields at different stages of development. Therefore, availability of weather data may be the most important constraint on the adoption of these forecasting systems in commercial production systems.
This study is the first validation of disease forecasting systems for control of septoria late blight of celery under Ontario conditions. The use of disease forecasting systems to indicate when to apply fungicide resulted in effective management of septoria late blight by reducing the number fungicide applications by 1 to 4 sprays, even under conditions of high disease pressure. Methods to time the first fungicide application are required to further improve disease management. Cultivars, sprayer type, and production methods were similar to those used by commercial growers, and results were consistent over the three trials. Our results support the recommendation that fungicide applications based on spray timings for Tomcast with a DSV threshold of 10 and the Septoria Predictor replace a regular 7-day calendar spray program. Use of the Tomcast program with a DSV threshold of 15 could further reduce the number of sprays required for disease management if Pristine is used. Pristine is not yet registered for use on celery in Canada and costs 2.4 times more than Bravo. However, Pristine is more effective at managing septoria late blight, and its use, when registered, would reduce time and labour requirements for removal of diseased plant material.
